The tendency for growth or motion to follow a spiral path is very widespread in nature. Among the bacteria this is rather dramatically illustrated in the group movements exhibited by certain species that swarm over the surface of solid media. Because movement is confined to two dimensions in swarming, the phenomenon provides conditions that are suitable for a study of motion.
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servations on this phenomenon have been reported in abstract by Murray and Elder (1949) . In the present paper figures are presented which may be evaluated statistically.
METHODS
The swarming species of Bacillus used in this study were B. circulans, B. alvei, and B. sphaericus var. rotans. They were maintained and observed upon a papain broth medium (Asheshov, 1941) containing 1 per cent peptone (Difco) and 1.2 per cent agar (granulated, obtained from Agar Products, Ltd.). When fluid medium was used it consisted of the same medium without the agar. The organisms were grown and observed at room temperature.
Many of the observations were made by direct microscopy with a low-power objective (10 X) on the surface of agar plates. For some observations a modified form of "hanging block" preparation was used. For these preparations a thin layer of agar was flooded onto the surface of a cover glass, allowed to solidify, inoculated at a central point, and then inverted over a cell on a slide to which it was sealed. These preparations were used for observation with a 4-mm objective (45 X).
Directions of rotation or curvature are all expressed as if the observer were looking directly at the agar surface from above with the unaided eye.
OBSERVATIONS
The polarity of individual cells and swarming units. Observation of the vegetative cells of B. circulans, B. alvei, and B. sphaericu var. rotans in a fluid medium gave no hint of a constant polarity. When single cells were followed, some were observed to stop and frequently to restart in the reverse direction, without turning end for end. We must conclude, without any statistical evidence, that the individual cell has no constant polarity.
In swarming we are no longer dealing with the individual cell. The cells band together in groups, and each group has a polarity that is maintained until the group is disrupted by impact with a large mass or grows to a size restricting movement to zero. The principles that govern this aggregation into a swarming unit with polarity are unknown.
The relationship of mwarming to motility. Those species among the Eubacteriales that exhibit swarming are all motile in fluid media and possess peritrichate flagella. The converse is not true, however, indicating some additional requirement for the ability to swarm. There is evidence (Boltjes, 1948) (Clark, 1939) which have lost the ability to swarm.
With a technique suggested by Qrskov (1947) , a thin layer of centrifuged India ink was placed in the path of swarming units and observed microscopically. Around the periphery of the moving unit it was seen that the particles of India Ink were agitated in a fashion suggesting flagellar activity.
If there is a direct relation between swarming and motility, substances that [VOL. 58 ROTATION IN SWARMING3 interfere with the swarming phenomenon should act on motility in fluid media. With Congo red and dahlia violet (previously used to prevent swarming), bromthymol blue (accidentally found to inhibit swarming), sorbitan monooleate and "tergitol 4" (both surface-active agents) it was found that motility in fluid medium and swarming on solid medium were inhibited at the same concentration levels in each case.
We may conclude, therefore, that the motive power for swarming is provided by the same mechanism that propels individual organisms in fluid media; this mechanism is probably provided by the flagella, despite the contentions of Pijper (1946) , which have been ably rebutted by Boltjes (1948) and others.
The direction of movement of swarming units. If it is assumed that the movement of individual cells in a fluid is at random, it would be expected that the movement of swarming units in their two-dimensional field also would be at random. On casual inspection this appears to be true, because a plate inoculated at a point becomes covered in a random fashion by the swarm. However, as has been stated, Shinn (1940) observed that the majority of rotating colonies of B. alvei revolve (table 4) in which the two groups show virtually identical distributions. It may be concluded that colony size has no effect on the predominance of counterclockwise rotation.
The effect of position of the agar. It seemed possible that these movements might be affected by general external forces such as the rotation of the earth. Trials were made by maintaining the agar, after inoculation, in various positions relative to the earth's surface. No differences in the degree or characteristics of swarming were noted in any position. Since elasticotaxis may be due to orientation of the long polymeric molecules in the agar, attempt was made to get orientation by a different method. Agar was poured on a slightly tilted, cooled plate of glass so that solidification occurred during the flow. The method was extremely rough, but, in two out of ten trials, preparations were obtained on which B. cereus var. mycoides showed definite "elasticotaxis." With this result in mind, it was suspected that the time-honored rotatory movement given to plates after pouring might be affecting the movement of swarming units. However, comparison of counts made on plates that had been swirled in either direction, or not at all, showed that this made no change in the deflections observed for the bullet colonies of B. alvei. From the morphological point of view there is no reason to expect polarity of the individual bacilli. The swarming species are all peritrichate and have no apparent constant asymmetry except a tendency to form excentric spores. We assume, for the time being, that individual cells swimming in a fluid have an unstable polarity that is constantly undergoing redistribution, possibly at random. In the swarming phenomenon we have aggregations of cells maintaining a remarkably stable polarity as a group, expressed as movement. From both direct and circumstantial evidence we conclude that swarming is an expression of motility under special conditions-in the thin fluid layer overlying the gel. Although the mechanism of aggregation into groups and the principle conferring polarity on that group are unknown, it would be expected that the units so formed would move at random in the two dimensions available to them.
Although a swarm covers an agar surface in a regular fashion from a point of origin, the evidence presented shows that the swarming units have an unexpected deviation from movement at random. This is expressed as a predominance of counterclockwise movement of rotating colonies and a predominance of counterclockwise curves taken by bullet colonies. Despite this deviation from the expected, swarms cover the surface of agar in a regular fashion because the migrating unit can start from the point of origin in any direction. The correspondence between rotating and bullet colonies might be expected since in many species the bullet colonies often take a tightening spiral path and become rotating colonies. In B. circulans, however, many rotating colonies are initiated by rotation in a small mass of actively growing cells without the intermediation of a bullet type of colony.
Since the position of the agar surface relative to gravity does not alter the phenomenon, the evidence is against, but does not exclude, the cause of this phenomenon being an external influence. From a consideration of elasticotaxis it is possible that the physical state of the agar conditions the effect. Although the bullet type of colony may be directed to some extent along lines of stress in the agar, the rotating colonies are not obviously affected. If the curvature of filaments of B. cereus var. mycoides is analogous to the rotation of other Bacillus species, then the development of both clockwise and counterclockwise strains on a single agar plate would be contrary to such a hypothesis.
There remains the possibility that these peculiarities of action are due to some inherent characteristic of individuals in the bacterial population. There is some basis for this hypothesis in the case of B. cereus var. mycoides. Gause (1939) suggested that the dextral form is a mutant of the more commonly occurring sinistral form in which the inversion of the growth of filaments is associated with the presence of D-isomers in the protoplasm. He supported his hypothesis to some extent by detecting in the dextral form an enzyme splitting the unnatural D-peptides (Gause, 1942) . Alpatov and Nastyukova (1947) determined the relative toxicity of the optical isomers of mepacrine upon dextral and sinistral strains of B. cereus var. mycoides. The dextral form is inhibited to a greater extent by D-mepacrine, and the sinistral form is inhibited to a greater extent by 19491 357 L-mepacrine. It must be emphasized that it is dangerous to compare too closely the activities of B. cereus var. mycoides and the swarming species of Bacillus. This is not only because the mechanisms of extension may be different but also because swarming strains have not been found that produce predominantly clockwise (dextral) deflections. However, the association is close enough-being related within the same genus, and the deflections being of the same general order-to warrant further study on biochemical lines and search for strains of B. circulans, B. alvei, and B. sphaericus that go contrary to the counterclockwise predominance demonstrated in this paper.
If the bacterial population is not homogeneousand consistsof twovarianttypes, of which one predominates slightly over the other determining the direction of deflection according to relative numbers, it would be possible to fit a hypothesis to the observed effect. In this case the ratios of deflection would have to vary, in the direction of the predominant type, in proportion to the number of individuals in the group. However, this hypothesis is upset by the close correspondence of the ratios observed for the rotating colonies of B. circulans grouped according to the size of colony.
It is not known whether such peculiarities may be detected in the motility of individual organisms. However, it could be suspected because individual filaments of B. alvei may be observed, on insufficiently dried agar, to move in a circular path like a toy train on a circular track. The fact remains that in swarming, which is a by-product of motility, the curved path traced by bullet colonies and the direction in which a colony rotates are not determined by chance.
each species the majority of rotating colonies turn in a counterclockwise direction in a ratio (counterclockwise: clockwise) of 2:1. The same ratio obtains when the curves taken by the migrating bullet-shaped colonies are enumerated. This ratio is remarkably constant and would not be expected by chance.
Evidence is given to show that the phenomenon is not likely to be due to external influences such as the rotational field of the earth or to a slight predominance of a variant in the bacterial population.
Comparison is made with the curving tendency of the terminal filaments around colonies of Bacillus cereus var. mycoides. In this species strains are found showing either predominantly clockwise or counterclockwise curves. Examination of a number of strains of each tendency shows that the ratios obtained are
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